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1 INTRODUCTION
 
1.1 SEPTIC SYSTEMS 
Septic systems are used by many homes as a sanitary method of disposing human 
waste. The majority of homes in Benton County, Oregon are hooked up to a municipal 
sewage treatment plant if they reside in an incorporated city such as Corvallis, Philomath, 
Monroe, Alpine or Adair Village. Most homes that are not presently within city limits 
use septic systems. The Benton County Health Department (BCHD) is the government 
agency involved in permitting the siting of septic systems. At present, there are 7,489 
homes or 33% in Benton County with septic systems. Nationwide, about 25 percent (%) 
of the population is served by an on-site septic system (1,2,3). 2 
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Figure 1.1 Diagram of home and septic system. 
A conventional household septic system is a two-part sewage treatment and 
disposal system buried in the ground, consisting of a septic tank and a drain field. The 
BCHD suggests that on the average a septic tank should be pumped every 3-5 years 
(Personal communication with Bob Wilson BCHD March 4, 1997). With proper care and 
maintenance, the life of the septic system can be prolonged reducing the frequency of 
system failure and possible human health hazards associated with ground and surface 
water contamination by pathogenic organisms or nitrates. 
Septic tanks are most often made of concrete, fiberglass, or plastic. Older tanks in 
Benton County maybe made out of wood or steel. Most tanks have one compartment, 
though some tanks may have 2 or more. The shape of the tank could be round, 
rectangular, or oval, but the shape has little to do with function. Septic tanks need to be 3 
large enough to allow for the settling of solids before liquid is released to the drainfield 
(4). The appropriate size of a tank for a home is determined by the number of bedrooms 
or occupants, not bathrooms. The septic tank functions as a collection system for 
household waste water, that includes blackwater and often greywater. "Blackwater" is 
the term used for waste water that comes from the toilets and urinals, and "greywater" is 
the term used for waste water from every other fixture such as showers, tubs, laundry and 
sinks (4,5,6). 
Treatment begins when the waste water flows from the house through the influent 
sewer pipe to the tank. By holding the waste water long enough, solids separate from the 
liquids. The solids heavier than water will sink to the bottom while substances lighter 
than water, such as fats and oils, will float to the surface forming a scum layer. Bacteria 
found naturally in sewage will anaerobically degrade the solids. Everything that is not 
broken down in this manner will remain in the tank until it is pumped. The liquids are 
drained off between the scum and solid layers into a drop box or distribution system, then 
go into a disposal system (4,7,10). 
The most common disposal system used for on-site sewage disposal is the 
drainfield also known as the leachfield, disposal field, or soil absorption system. A 
typical drain field consists of trenches filled with gravel containing distribution pipes 
with many holes or slots. The effluent drains out of the holes into the gravel. The water 
may be taken up by plants, evaporated or percolated. If the drainfield is designed and 
installed properly the water entering the trenches should not accumulate to cause soggy 
areas or pools. There also should be sufficient distance between the trench bottom and 
the ground water so that the effluent is properly cleansed before it reaches the ground 
water (12). 
The soil can cleanse the effluent through filtration, bacterial degradation by the 
slime-layer, and consumption by other soil dwelling organisms like worms and insects. 
The slime-layer is a slimy mat of microorganisms that is naturally formed in the trenches 
of the drainfield. 
The use of septic systems has some advantages for rural residents in that they are 
a simple and effective method for treating waste water. Septic systems are often less 4 
disruptive to the environment to install and maintain, than adding miles of sewer lines 
and a treatment facility. They are also less expensive to operate than centralized 
treatment facilities and provide wastewater treatment in areas where it would not be 
available otherwise. Finally, when functioning properly, septic systems can help 
replenish groundwater (2). 
The basics needed for a septic system to have optimum performance and long-life 
are proper site-selection, system design, installation, operation, and maintenance. The 
first three are assessed by the county when permits are issued, and the last two are the 
owners' responsibility. The current study was undertaken because the BCHD suspected 
that some home owners do not know where their septic system is located or even how it 
works (personal communication with Bob Wilson BCHD March 4, 1997). Results of this 
study will be used by the BCHD to help in future septic permit decisions. 
1.2 RESEARCH QUESTIONS: 
1. The primary focus of this study is to gain insight into the residence level of awareness 
of their septic systems. Do you know where your septic system is located? Do you know 
how it works? Do you know where the manhole is located? 
2. The actual failure rate and the frequency of septic system problems in Benton County 
is not known, so this question will also be assessed. Have you had septic system 
problems? If so, how often? 
3. For future permitting purposes, the BCHD wanted to asses whether regular pumping of 
septic systems will help reduce the incidence of septic system problems. Have you 
pumped your tank? Are you on a regular schedule? If yes, how often? 
4. The survey is also designed to examine whether there is a correlation between 
maintenance, care, climate and longevity of rural septic systems. Does your system 
backup when it rains? Do you compost instead of using a garbage disposal? 5 
1.3 ALTERNATIVE SYSTEMS
 
Sites selected for homes in Benton County vary from forested lots tucked into the 
side of the coast range to lots on the valley floor along the Willamette River. 
Conventional septic systems are not always appropriate for every lot and an alternative 
system may be employed when a conventional system would not properly function. 
Some of the factors that deem a site inappropriate for a conventional septic system are the 
soil quality, depth, proximity to the water table, lot restrictions, and slope of the land 
(19). Some of the more common types of alternative systems are low pressure pipe 
systems, serial distribution systems, mound systems, constructed wetlands, and sand 
filters. 
The low pressure pipe system is often used where the soil is rocky, shallow or the 
water table is high. The effluent is pumped into shallow, narrower trenches than a 
conventional system. A pump is used for a more uniform distribution of effluent to 
prevent soil saturation (19). 
The serial distribution system is employed where the slope is too steep for a 
conventional system. A series of trenches are dug horizontal to the slope so that each 
trench is higher than the one after it. The highest trench fills with effluent and then fills 
the lower ones in succession. The discharge of effluent is controlled through overflow 
pipes or drop boxes (19). 
Mound systems are helpful for sites where the water table is close to the surface, 
or the soil is too tight to allow adequate treatment. The drainfield is placed in a mound 
that is constructed of materials that allows adequate treatment of the effluent. This type 
of design often requires a pump for the effluent to reach the mound (19). No county 
health departments in Oregon permit the use of a mound system (31). 
The constructed wetlands are built to resemble natural wetlands. Vegetation 
commonly found in wetlands, like cattails and other reeds, are planted to provide filtering 
and absorption (19). The vegetation type must be matched with the climate of the area 
because some types will not do well in colder climates. Often effluent from a constructed 6 
wetland will require further treatment like disinfection, or discharge into a drainfield to 
insure adequate sanitation (19). 
Sand filters often consist of several layers of sand above ground similar to the 
mound system but can be located below ground. They are sometimes used where the soil 
absorption is inadequate. The effluent is pumped, or dosed, across the sand where it is 
cleansed by a bacterial mat. After sand filtration, the effluent is often discharged into a 
drainfield or disinfected (19). Nationwide, only 45% of the county health departments 
permit the use of sand filters (31). In Oregon, all county health departments permit the 
use of sand filters (31). 7 
2 REVIEW OF LITERATURE
 
2.1 HISTORY
 
A sanitary method of dealing with human waste has been a challenge for 
thousands of years. As far back as 2000 BC, systems designed to drain waste water from 
buildings existed in India, Pakistan and on the Island of Crete (1). As early as the 6th 
Century BC, the Romans employed open sewers to carry human waste to the River Tiber. 
By the 3rd Century BC, sewers in Rome were vaulted underground networks (1). In the 
Middle Ages, some European city dwellers would position privies directly over water to 
carry away waste. Some of the castles of medieval England had crude plumbing that 
drained human waste to the moat (1). 
Sir John Harrington developed a flush toilet in 1596 for Queen Elizabeth I's 
Richmond place (1). In 1775, Alexander Cummings developed a water flush toilet, and 
Joseph Bramah, patented a practical flush toilet in 1778. The early toilets had no device 
to stop the water from continually flowing until 1872 when the Thomas Crapper Co. sold 
water efficient flush toilets (1). In Seattle, the underground tour of the city proudly 
displays one of the original Crappers. The original plumbing system went straight into 
the Puget Sound. This became a problem when the tides rolled in because sewage lines 
would back-up. 
As the world's human population grew, many of the waterways adjacent to 
metropolitan areas became overloaded with raw sewage, and the largest cities began to 
separate the solids from the liquids. The liquids were still dumped directly into the 
waterways. In parts of Europe and the United States, the solids were deposited on 
farmers' fields and often ran off into rivers after rains or irrigation. The resulting water 
contamination led to municipal waste treatment before dumping the solids. 8 
Some of the first tanks in the U.S. used to treat institutional wastes were in 
Worchester, Massachusetts in 1876 in an insane asylum (1,21). A settling tank was used, 
and the effluent irrigated adjoining lands. Another two-tank system was built for a 
reform school in 1883 in Concord Massachusetts (1,21). Also in 1883, Edward S. 
Philbrick described a three-tank system for settling sewage with a sub-surface irrigation 
system for disposal of liquids (21). In 1887, the Massachusetts State Board of Health 
established an experimental waste treatment station at Lawrence, Massachusetts. 
Information regarding the design of septic systems was exchanged with European 
counterparts in Britain and Germany. At that station in 1893, a sand bed was used to 
filter effluent, reducing land areas needed for disposal and it was at this site that the land 
acceptance rates were established to maintain an efficiently working sand filter (1). 
Septic tanks were first used in the U.S. for disposal of household wastewater in 
1884 (11). The term "septic tank" was coined by Donald Cameron in 1895 with the 
naming of his anaerobic sewage treatment device (1). 
2.2 BENTON COUNTY SEPTIC SYSTEMS 
Some of the older homes in Benton County were built prior to the invention of 
septic systems and may have used outhouses, or piped sewage directly into the 
Willamette River. The oldest home in the survey was built in 1872. Advances in 
technology gave rise to more options to update and modernize. Most homes within city 
limits were connected to city sewers, but rural residents still had to rely on septic systems. 
In the 1950's and 1960's, the demand for housing in Benton County, Oregon gave 
rise to sprawling growth and the development of many residential subdivisions outside 
the areas served by municipal sewerage facilities. During this period of development, 
there was very little planning with respect to future needs for urban services. The Oregon 
laws governing the use of septic systems were very weak, and installation permits were 9 
not required. Consequently, many systems were undersized and poorly installed, often in 
unsuitable soils on lots too small to allow on-site repairs. 
By the mid 1970's, widespread septic system failures and the inability to make 
successful repairs resulted in several neighborhood and community health hazards. 
Septic system failure rates of over 40% were not uncommon for some neighborhoods in 
Benton County. Current Oregon laws provide a process for addressing such health 
hazards. However, the process requires a significant commitment of local health 
department resources, beginning with a thorough sanitary survey. One survey of 350 
homes conducted by BCHD required five teams of two environmental health specialists 
each working for 10 days, followed by the preparation of detailed testimony documenting 
failures on a lot-by-lot basis. More than a dozen septic tank problem areas where 
identified. Whole neighborhoods were forced to hook up to the city sewer lines to protect 
public health. 
One way to help prevent future public health hazards associated with septic 
systems in problem areas would be to "manage" them. Every homeowner in the area 
would pay a set fee every year. That money would go into a pool to be used to pump 
tanks throughout the neighborhood. Every home would be put on a rotating list and their 
system would be pumped as needed. If necessary, the "managed" system could be 
implemented county-wide. However, the BCHD believed that a forced, mandatory fee 
should not be imposed unless studies proved it was necessary. 
The environmental health specialists at the BCHD had questions about how septic 
systems are functioning county-wide and the public's awareness of their systems. Often 
the only opportunity the BCHD has had to interact with septic system owners is when 
permits are issued for repairs and new installations. To make better management 
decisions, the BCHD wanted to have a survey done to get an idea of how systems were 
performing throughout the County and inquire about the publics awareness of their 
systems. This study was designed to help them obtain that information. 10 
2.3 CURRENT REGULATIONS IN OREGON AND BENTON COUNTY
 
A nationwide study of county heath departments conducted by the National Small 
Flows Clearinghouse in 1995 found that 94% allow or permit the use of on-site septic 
systems. Counties that do not allow septic systems have sewer lines available to all 
residents (3). Benton County does not have sewer lines for every resident; therefore it 
permits the use of on-site septic systems in suitable soils where sewer lines are not 
available. 
The State of Oregon Department of Environmental Quality sets the minimum 
requirements pertaining to on-site sewage disposal systems. County health departments 
can contract with the state to perform the duties related to permitting of on-site sewage 
disposal systems including receiving and processing applications, issuing permits and 
performing required inspections for all on-site systems. This delegation of authority is 
allowed under the Oregon Revised Statutes (ORS) 454.725. In Benton County, the 
Benton County Health Department is the local government agency that performs these 
duties. 
All property owners are responsible for disposing of sewage on their property in 
compliance with all the rules of the department. They are also responsible for connecting 
all plumbing fixtures to an approved sewage disposal system and maintaining, repairing, 
or replacing the system to assure proper operation. Homeowners are not allowed to 
construct, alter, or repair a septic system without first obtaining a permit from the BCHD. 
However, there is an exception for emergency repairs in that the homeowner must obtain 
a permit within three working days after the repairs. 
To install a new septic system, the land owner must obtain a construction permit. 
A site evaluation performed by a BCHD employee is the first step in this process. 
Information included in the evaluation forms are parcel size, slope, surface streams, 
springs and other bodies of water, existing and proposed wells, escarpments, cuts and 
fills, unstable land forms, soil profiles (determined from test pits), water table levels, 
useable areas for initial and replacement disposal areas, encumbrances, sewerage 11 
availability, and other observations as appropriate. A permit may be denied if the specific 
conditions for approval are not met. The most commonly reported reasons for on-site 
septic system permits to be denied in Oregon are poor drainage, lack of effective soil 
depth, steep slope, inadequate area, high water table, lack of soil, and wet conditions (31). 
The applicant may request a review of a site evaluation by the BCHD. The request must 
be filed within 30 days and must be accompanied with a review fee. 
To obtain an approval permit each lot must have sufficient usable area to 
accommodate an initial and a replacement system. The useable area may be located 
within the lot, or within the bounds of another parcel secured by a legal easement. The 
initial and replacement systems do not need to be of the same type. 
After a permit is obtained and construction of a new system or repair of an 
existing system is finished, an Environmental Health Specialist at the BCHD is notified. 
The agent returns to the site to inspect it prior to backfill (cover). If the system is 
determined to be satisfactory then it is covered, and a certificate of satisfactory 
completion is issued (6). 
2.4 HUMAN HEALTH RISKS ASSOCIATED WITH FAILED SEPTIC SYSTEMS 
There have been a number of studies that have identified septic systems as the 
source of surface and groundwater contamination (2,13-15,17,24,25). The type of 
contamination varies with system designs, soil types, and usage. Some of the more 
common types of contaminants associated with failed septic systems include nitrates, 
organic sulfur, phosphates, and a number of communicable diseases (hepatitis A, typhoid, 
E. coil, salmonella, shigella, etc.). 
Most of the system failures can be attributed to old systems with poor design, lack 
of maintenance, improper installation, or inadequate site evaluation before installation 
(2,24). When a septic system is poorly designed and/or maintained, communicable 12 
diseases could be transmitted to individuals that may come into contact with sewage or 
effluent. Once an outbreak occurs, a small percentage of the infected persons continue to 
harbor the disease for one year or more, becoming carriers and a potential threat to others 
as was the case with Typhoid Mary (29). 
The nature and severity of disease resulting from exposure to raw or untreated 
sewage depends on the type and numbers of an organism that one is exposed to and the 
resistance of the host. In the case of Shigella dysenteriae, less than 200 cells can be 
sufficient to initiate infection (9). When one is exposed to intestinal parasites as few as 1 
or 2 organisms can cause illness (30). Some factors influencing host resistance are age, 
physical condition, and nutrition at the time of exposure. This is especially true for 
immuno-compromised individuals such as organ transplant recipients and AIDS patients. 
The elderly and very young are also at increased risk as well as individuals in generally 
poor health like alcoholics. 
Some viruses can remain infective longer than three months in certain types of 
soil (12). Many bacteria cannot live long in soil but others can remain infective for 
months (12). There are many different types of disease-producing organisms that can be 
contracted as a result of improper waste treatment such as worms, yeast, protozoa, 
bacteria, viruses, and possibly prions. 
Some of the various types of worms that affect humans are tapeworms, 
roundworms, and flatworms. More specifically they include Ancylostomiasis 
(hookworm), Ascariasis , Dracontiasis (guinea worm), Enterobiasis, Strongyloidiasis , 
Tri churiasis (roundworms), Somatic Cysticerosis (tapeworm), and Schistosomiasis 
(flatworms) (30). There are many different routes of entry for parasitic worms. 
Hookworms can penetrate through the skin of the feet and travel to the hosts gut. 
Enterobiasis also called pinworm can easily be spread if the eggs are present in sewage-
contaminated irrigation water (30). Uncooked vegetables irrigated with sewage-
contaminated water could contain viable worms or eggs resulting in an infestation from 
oral exposure. 13 
Yeast infections transmitted by contact with feces or secretions from infected 
people are often mild by comparison. They can occasionally cause ulcers in the intestinal 
tract, or lesions in the kidneys, brain, or other organs (30). 
Some protozoa are also spread due to improper sanitation such as amoeba, giardia, 
balantida and cryptosporidia (8,30). Recently in the U.S., there was an outbreak of 
cryptosporidia in Georgia, Southern Oregon and Milwaukee, Wisconsin that received 
widespread media coverage. Chlorination at the normal municipal treatment levels 
apparently was not 100% effective in killing all the cryptosporidia oocysts present in 
contaminated water (8). When chlorination is used in conjunction with coagulation and 
sand filtration, it is usually sufficient to make water safe to drink. 
The possibility of bacterial infection such as cholera, salmonella, shigella, E. coli 
and typhoid fever is one of the greatest threats due to septic system failure (23,30). Once 
they are released into the environment, bacteria can live in a wide range of temperatures, 
pH, nutrient concentrations, and some live in the presence or absence of oxygen, or have 
the ability to live in both. 
An individual may become infected by consuming food or water that has come 
into contact with untreated sewage and to a lesser extent mucous membranes like eyes, 
and naires that come into contact with blackwater. Indirect insect and rodent vectors are 
also an important source to consider with respect to disease transmission (30). 14 
3 METHODS
 
3.1 SURVEY INSTRUMENT
 
A survey instrument (Appendix A) was developed in collaboration with Bob 
Wilson, Director of Environmental Health at the BCHD. The three page questionnaire 
was divided into 7 sections with 34 questions. The first section asked for background 
information such as how old is your home, and how long have you lived at your current 
residence. The second section was designed to gather information about the owners 
awareness of their septic system. The third section examined proper care issues. The 
fourth section asked questions about septic system performance. The fifth examined 
climate (rain) effects on system performance. The sixth section addressed maintenance 
issues such as whether the septic systems were pumped, and how often. The survey 
concluded with a section for participants to give open ended comments about the survey, 
their septic system, or anything else that they thought was important. 
The survey was approved by the OSU Institutional Review Board for the 
protection of Human Subjects and was pretested on 15 adults to check for ambiguous 
questions. The survey was revised and finalized based on the input of the pre-test group. 
To encourage voluntary participation, the survey was made as short as possible. 
To get people started, basic questions such as how long have you lived in your home, 
were placed at the front of the survey. Similar questions were grouped into sections to 
make the survey easy to read and answer. 
In the process of determining the best approach to surveying the residents of rural 
Benton County, phone surveys, mail surveys and in-person interviews were considered. 
The county has a list of property owners and site address' but not the phone number of 
every resident. After further evaluation, it was determined that a phone survey would 
miss unlisted phone numbers, renters, and leasers. A survey from an incomplete phone 15 
list could result in some populations being underrepresented, possibly resulting in a 
margin of error too high to have any confidence in the survey results. The idea of a 
phone survey was rejected. In-person interviews was also quickly rejected because it 
would involve too much travel and time to be practical. After considering time, finances, 
and accuracy of results, a mail survey appeared to be the best option. 
3.2 SUBJECT SELECTION
 
To insure that all residence of rural Benton County had an equal chance of being 
selected in the survey, a list of names were generated from BCHD Information Resources 
Management files. This was accomplished by using current tax codes. If a resident is 
hooked up to a city sewer, their property tax has been levied for that service. In the 
selection process tax codes were used to identify the properties not hooked up to a sewer. 
Lots with improvements were also selected to avoid surveying forest landowners, and 
farm landowners about their fields and forested lands. Primarily properties outside of the 
areas that have municipal waste treatment (Corvallis, Philomath, Monroe, Adair Village, 
Alsea and Alpine) were selected. However, to not bias the study some properties in 
Corvallis, Philomath, and areas of North Albany were also included in the selection 
process because some homes had septic systems. 
In North Albany, it was necessary to sort through the county records to determine 
if individual homes were on septic or city sewer. Because the selection of homes in 
North Albany differed from the rest of rural Benton County, the North Albany homes 
were originally separated into different strata and analyzed as separate data sets. When 
the two strata were compared there was no significant difference in the responses, so they 
were combined. 16 
Table 3.1 Sample size for the 95% confidence level 
±3%  ±5%  ±10% 
sampling error  sampling error  sampling error 
Sample size  50/50  80/20  50/50  80/20  50/50  80/20 
split  split  split  split  split  split 
100  92  87 80  71  49  38 
250  203  183  152  124  70  49 
500  341  289  217  165  81  55 
750  441  358  254  185  85  57 
1,000  516  406  278  198  88  58 
2,500  748  537  333  224  93  60 
5,000  880  601  357  234  94  61 
10,000  964  639  370  240  95  61 
25,000  1,023  665  378  243  96  61 
50,000  1,045  674  381  245  96  61 
100,000  1,056  678  383  245  96  61 
1,000,000  1,066  682  384  246  96  61 
100,000,000  1,067  683  384  246  96  61 
Reprinted by permission of John Wiley & Sons, Inc. from How to Conduct Your Own Survey, Salant, ©1994. 
The population of Benton County is 76,000 (28) and includes the cities of 
Corvallis (pop. 49,275), Philomath (pop. 3,300), Adair Village (pop. 565), and Monroe 
(pop. 500). The remaining 22,360 people live in rural Benton County without access to 
public sewer systems. Results of this survey estimates that the average number of 
occupants per home is 2.7 persons in rural Benton County. Therefore, the size of the test 
population is 7,489 homes. As shown in Table 3.1, the target number of completed 
surveys is 240 for questions with an 80/20 (yes/no) split to achieve a 95% confidence 
that our estimates will have a sampling error of no more than ±5% and 370 for questions 
with a 50/50 (yes/no) split (26). The number of usable surveys returned was 369. Many 
of the questions resulted in a response closer to an 80/20 split. 17 
3.3 MAILINGS PROCEDURE
 
A series of four separate mailings were conducted for each home (26). The 
mailings consisted of an advanced notice letter, a cover letter and the actual survey, a 
postcard reminder, and a replacement survey for those who had not responded to the 
original survey. 
3.3.1 ADVANCE NOTICE LETTER
 
An advanced notice letter (Appendix B.1) was mailed out on April 28, 1997, to 
every member of the study group. This letter asked residents to participate in the study 
and was designed to avert some of the surveys from going into the trash unopened. The 
letter was personalized with the participant's first and last names, or current resident was 
added to not discourage renters, leasers and recently purchased property owners from 
responding. The letter stated that the survey was a cooperative project between the OSU 
Department of Public Health and the Benton County Health Department designed to aid 
the BCHD in better serving septic system owners. The advanced notice letter was sent 
out in BCHD envelopes and stationery. Every letter was signed by both Chris Gillett and 
Bob Wilson in an attempt to let people know their reply was valued. Bob Wilson's phone 
number was included on the letter in case any citizens had any questions regarding the 
purpose of the survey. 
This letter also mentioned that the county would not be receiving specific 
information about individual residences. The county would only receive composites of 
county-wide responses. The purpose of this was to alleviate fears of prosecution for 
illegal systems or repairs. The first letter also thanked the participants in advance for 
answering the survey. 18 
3.3.2 SURVEY AND SECOND LETTER 
The actual survey (Appendix A) was mailed out on May 1, 1997, along with a 
cover letter (Appendix B.2) and an addressed business reply envelope. The second 
mailing was in an envelope with an OSU logo to lend the survey credibility and let the 
respondents know that the survey was not from a marketing group that wanted to target 
them for an advertising scheme. The letter was on OSU letter head and was individually 
signed by Chris Gillett to let people know that their response was important. Every letter 
was personally addressed with the respondent's first and last name. 
The second letter also stressed that each respondent was selected randomly from a 
list of rural residents in Benton County and that their response was needed to give an 
accurate representation of county-wide responses. Respondents were reassured that their 
responses would remain confidential and they did not have to fear prosecution for an 
illegal or unpermitted septic system. Chris Gillett's phone number was included for any 
questions regarding the survey. 
3.3.3 POSTCARD REMINDER 
A postcard (Appendix B.3) was mailed out on May 9, 1997, eight days after the 
first survey was sent out. The purpose of the postcard was to thank the individuals that 
had responded and to remind the rest of the survey group to put their completed surveys 
in the mail. 
Every postcard was individually signed, and Chris Gillett's phone number was 
included in case respondents had misplaced their survey, (or thrown it away) so they 
could be sent a replacement survey. The postcard once again stated that their responses 
would be useful to the county. 19 
3.3.4 REPLACEMENT SURVEY AND COVER LETTER
 
The fourth and final mailing, a replacement survey, another cover letter 
(Appendix B.4) and a pre-addressed business reply envelope were sent out on June 9, 
1997 to all of the people that had not yet responded. 
People were politely urged to return the surveys once again. The letter stated that 
the people had been randomly selected and that their reply was important for the study to 
get accurate results. Chris Gillett's phone number was included for any questions 
regarding the survey. It also stated that the results would give the county valuable 
information to help serve them better. 
3.4 MINIMIZING STATISTICAL ERROR 
According to Priscilla Salant and Don A. Dillman in their book, How to Conduct 
Your Own Survey, the four elements of a perfect survey were included in the current 
survey (26). 
1. Every member of the population that the researcher is trying to describe would have 
an equal (or known) chance of being selected for the sample. Hence, coverage error is 
avoided. 
This was accomplished by using the county records of land ownership in rural 
Benton County so that no properties were excluded. 
2. Enough people would be sampled randomly to achieve the needed level of precision. 
Hence, sampling error is minimized. 20 
This was achieved by sampling a large enough population based on Table 3.1. 
Financial constraints limited the number of people that could be surveyed. However, by 
tightly budgeting costs and limiting the length of the survey, the cost of postage and 
printing were minimized thus, allowing us to survey just enough people for statistically 
significant results. 
3. Clear, unambiguous questions are asked so that respondents are both capable of, and 
motivated to answer correctly. Hence, measurement error is avoided. 
This was achieved in two ways. First, all the questions were carefully worded. 
Second, the survey was piloted using 15 people to determine if any of the questions were 
ambiguous, or needed to be changed. 
4. Everyone in the sample responds to the survey, or non-respondents are similar to 
respondents on characteristics of interest in the study. Hence, non-response error is 
avoided. 
This was achieved through proper randomization and sampling technique. 
However, owners of unpermitted systems were most likely reluctant to respond than the 
home owners of legal, permitted systems. 21 
4 RESULTS
 
The results of the survey were entered into Microsoft Access 2.0 and Excel 5.0, 
and descriptive statistics (frequencies and percentages) were performed. The more 
advanced statistics were performed by SPSS 6.1. Most of the statistical procedures were 
checked by hand on a TI-30 SLR calculator and by the OSU Statistics Department. 
4.1 SURVEY RESPONSE RATE
 
Survey Response 
Benton County Information 
not  Resources Management randomly 
returned 
21%  selected 610 rural residents for this 
survey using tax codes and selecting 
returned 
unopened  for improvements. Some residents 
10% 
returned no  returned +  were later determined to be on city 
septic 
4% 
septic 
65%  sewer and thus not relevant to our 
survey. The actual number of 
surveys sent out was 563. The post 
office returned 55 surveys as "return-
Figure 4.1 Survey response  to-sender," so the actual sample size 
was 508 addresses. The total number 
of surveys returned via mail was 391. There were 22 surveys that were returned 
incomplete or unusable, resulting in a final sample size of 369. The total number of 
usable surveys that were returned was 369/563 or a response rate of 65%. There were 22 
117 out of 563 homes that did not respond for a non-response rate of 21%. The four-
mailing proceedure often yields a 50 to 60 percent response rate (26). 
According to tax records 7,489 homes in Benton County have septic systems. 
There are 926 homes in North Albany (12.4%) and 6,563 are scattered throughout the rest 
of Benton County. This gives a distribution of 87.6% of the septic systems in Benton 
County to 12.4% in North Albany. 
The survey results were distributed 90.8% in the rest of Benton County and 9.2% 
in North Albany. The Benton County and North Albany data were analyzed together and 
as separate strata when the results were tabulated there was virtually no difference, so the 
strata were combined. 
Actual distribution of homes on septic systems. 
6563/7489 = 87.6% The rest of Benton County 
926/7489 = 12.4%  North Albany area 
Survey distribution results 
335/369 = 90.8% Benton County 
34/369 = 9.2% North Albany 
Difference 
90.8%  87.6% = + 3.2% Benton County 
9.2% 12.4% = -3.2% North Albany 23 
4.2 BACKGROUND INFORMATION
 
Length of residence in surveyed homes 
Figure 4.2 Length of residence in current home. 
There were a total of 
40 
35  110 or 28.8% of respondents 
30 
25 
23  that had lived in their homes 
20 
15  for over 20 years. These 
10  home owners were more 
5 
0 
0-5y rs  6­ 11­ 16­ >20y rs 
likely to have a better idea 
10yrs  15yrs  20yrs  about the history of their 
Years in home 
septic system. Conversely, 
107 (28%) of the 
respondents had lived in 
their homes 5 years or less 
and may be less 
knowledgeable about the history of their system. The remaining 43% of respondents 
were distributed between 6-20 years. 
Eighty-five percent (%) of the respondents knew when their home was built. The 
average age of homes was 33 years ranging from 1872 to currently under construction. 
An overwhelming number of the rural residents that returned the survey owned their 
homes (Benton County 96.8%, North Albany 97.3%). The average number of residents 
per home was virtually identical in Benton County 2.7 versus 2.8 in North Albany.  The 
majority of respondents (65%) also worked outside the home. Roughly half, 46% of 
respondents' spouses also work outside the home. Employment outside of the home may 
increase the longevity of the system in that occupants are using facilities at work or 
school. 24 
Number of occupants per home 
About half (48%) of 
200 
180  the respondents were from 
160 
140  two person homes, 14% from 
120 
100 
Benton C. 
N. Albany  three person homes, and 19% 
80  Combined  from four person homes. 
60 
40  Only 10% of the respondents 
20 
0 r=  X  X 
M  to&  were from one person homes 
O  r  C')  CO  N­ CO 
Number of occupants  and 6.5% were from 5 person 
homes. 
Figure 4.3 Number of occupants per home. 
4.3 AWARENESS OF THE SEPTIC SYSTEM 
Respondents were asked whether their home has a septic system. Of 391 
respondents, 369 or 94.4% had septic systems. This demonstrates that the selection 
process worked well in eliminating the homes that were on city sewer. For about 28% of 
respondents, their current home is the first one that they have lived in that was on a septic 
system. 25 
As shown in Figure 4.4, 98% of respondents said they knew where their septic 
system was located. The vast majority (99%) of the septic systems were located on their 
property. About 2% reported that their system was located on an adjacent lot. The slight 
inconsistency may be due to the BCHD rule that requires that septic system owners must 
have sufficient usable area to accommodate an initial, and a replacement system. Some 
home owners may have secured adjacent lot space from a neighbor for an alternate 
drainfield or alternative system. A vast majority 96% reported that they knew how their 
system worked, and 91% knew where the manhole or access opening was located. 
Awareness of septic system 
120 
100 
80 
60 
40 
20 
0 
Know  System  Adjacent  Know  Know 
location  on  lot  how it  w here 
property  works  manhole 
Figure 4.4 Awareness of septic system. 26 
As shown in Figure 4.5, 75% or 278/369 reported that their systems were at least 
partially covered with grass. Natural covering was the second most common type of 
cover with (20%) of the respondents. The remaining less common types of covering for 
septic systems were garden (7%), gravel (4%), driveway (1.6%) and other (<1%). The 
total responses adds up to greater than 100% because some systems can be covered by 
more than one type of covering such as both grass and natural covering for example. 
What is your septic system covered with? 
90% 
80% 
70% _ 
60% 
50% 
40% 
30% 
20% 
10% 
0% 
Grass  Natural  Garden  Gravel  Drivew ay  Other? 
Covering 
Type of covering 
Figure 4.5 Type of septic system cover. 27 
4.4 PROPER CARE ISSUES
 
Importantly, 82% (301/369) of the respondents knew how to prolong the life of 
their systems (Figure 4.6). Seventy-six % (282/369) of respondents composted instead of 
using a garbage disposal. Grease and fats were "properly" disposed of by 93% (n=342), 
and chemicals by 98% (n=362) of 369. Only 67% (247/369) use water saving fixtures of 
any kind. Thirty-four % of the respondents use additives like bacteria or enzymes to 
prolong the life of their system. 
Practices used to prolong the life of the system 
120% 
100% 
80% 
60% 
40% 
20% 
0% 
Know  Compost  Grease &  Properly  Water  Enzymes 
how to  vs  Fats  dispose  saving 
prolong?  disposal  chemicals 
Figure 4.6 Practices used to prolong the life of the system. 28 
4.5 PERFORMANCE-RELATED QUESTIONS
 
How old is your current system? 
Fifty-two percent 
(194/369) of septic 
70% 
60%  systems in Benton County 
50%  are greater than 16 years 
40% 
30%  old. Only 17% or 63 
20%  respondents did not know 
10% 
0%  the age of their septic 
C \I 
th 
C
C
 0 system. The remaining 
C  29% of the homes were 
evenly distributed from 
Figure 4.7 Age of current system. 
new to 16 years old. 
Have you had septic system 
problems?  Roughly a quarter (n=95) of the 
respondents reported having septic system 
problems at least once over the life of their 
current septic system. The remaining 74% 
(n=274) reported that they had not 
experienced any septic system problems. 
Figure 4.8 Percent of homes that have had 
septic system problems. 29 
How often do you have problems? 
80%  68.40%  Of the 26% of respondents 
60%  that reported septic system 
40% 
14.70%  problems, 65 or 68% had
20%  5.30%  6.30% 
0%  r  problems every 5 years or more. t 
>1x/year  1 x /year  2-4  5 yrs or  Only 5.3% had problems more years  more 
Frequency of problems  than one time per year. 
Figure 4.9 Frequency of septic system problems. 
How do you identify problems? 
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followed by slow 
draining fixtures 29%
Figure 4.10 How septic problems are identified. 
(n=28), odors 23% 
(n=22), and soggy 
areas 20% (n=19). 
Fortunately, the type of problems with the greater potential to cause health problems were 
less commonly reported including overflowing 8.4% (n=8), seeping into ditches 5.3% 
(n=5), and contaminating wells 1% (n=1). 30 
Have you ever had to do any 
repairs?  Only 18% (n=68) of the respondents had 
Yes  to do repairs to fix the problems. The type of 
18% 
repairs included replacing their tank 17% 
(11/68), or drainfield 35% (24/68), and 48% 
No  (33/68) listed other repairs (see below). 
82% 
Figure 4.11 Percent of homes that 
have had to do repairs. 
Table 4.1 Type of repairs 
Summary of responses  Number of responses 
Replace drainfield  24 
Replace tank  11 
Repair, replace or clean out pipes  9 
Repair drainfield or tiles  8 
Repair tank  6 
Repair drop box  4 
Hardware, pump repairs  3 
Roots  3 31 
How long since last repair 
The length of 
time since the last 
57 
49 
repair varied from 30 
41  years to within the last 
V 
C 
w  33  year. The mean was 
25 
u­
17  5.3 years, the median 
9  was 3 years, and the 
0  5  10  15  20  25  30  mode was 1 year. 
Number of years 
Figure 4.12 Length of time since last repair. 
4.6 CLIMATE-RELATED ISSUES 
Rain effects on septic systems 
60% 
50% 
40% 
30% 
20% 
10% 
0% 
System  Notice a  It takes  It takes  It takes  It takes  It takes 
backs- foul  a rainy  a rainy  a rainy  a rainy  a rainy 
up after  odor  day  week  month  season  year 
rains?  after 
Figure 4.13 Climate/rain effects on septic systems in Benton County. 32 
The effect of precipitation on septic system problems was examined. Only 3% of 
the respondents said they had a system backup when it rains. Four percent of the 
respondents said they notice a foul odor after it rains. Some respondents replied that their 
system did not smell but that the neighbors system did after it rains. When asked how 
much rain it took to cause septic system problems, respondents replied that it took at least 
a rainy week or season, but a rainy day did not appear to be sufficient to affect most 
systems. 
4.7 MAINTENANCE OF SYSTEMS 
As shown in Figure 4.14, 66%
Have you had your tank pumped? 
of respondents said they had their 
100% 
80%  tanks pumped. This percentage may 
60% 
40%  be inflated because many banks or 
20% 
0%  mortgage companies now force sellers 
Have you  Because  On a 
or buyers to pump the tank prior to had tank  of  regular
 
pumped  problems  schedule
  closing the sale of the house. When 
roughly a quarter of the respondents 
Figure 4.14 Number of residence that have  had purchased their home within the 
pumped their tank. 
last 5 years, the total number of recent 
tank pumpings will be increased. 
Sixteen % said their systems were pumped because of problems while 27% said their 
septic systems were pumped on a regular schedule. 33 
For respondents who were on a Frequency of Pump Schedule 
Figure 4.15 Frequency of septic tank pumping. 
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years  years  years  years 
BCHD recommends pumping 
every 3-5 years, 73.1% of 
respondents fall into this 
category. 
Table 4.2 Table of Qualitative Comments From Respondents 
Summary of response  Number of responses 
Replaced or repaired their tank  10 
Requested more information  8 
Rain causes problems  6 
Connected to city sewer  4 
Recently pumped system  3 
Don't want forced city sewer  3 
No problems  3 
Mobile home  2 
Recently purchased property  2 
Improper installation  2 
Pump tank every 10 years  2 
Pump tank every 8 years  1 
Pump tank every 5 years  2 
Pump tank every 4 years  1 
Pump tank every 2 years  2 
The comments ranged from unprintable to nice and congenial responses thanking 
me for including them in the survey. Table 4.2 above, summarizes some of the more 
common responses. 34 
5 DISCUSSION
 
Septic systems can be a safe and effective method of treating human waste that 
are relatively inexpensive to maintain. Proper design, site selection, and installation are 
fundamental in eliminating or minimizing the potential health hazards associated with the 
use of septic systems (4,20). However, if septic system owners do not perform the proper 
care and maintenance, public health hazards could result (20). 
The purpose of this study was primarily to determine Benton County residents 
general level of awareness of their septic systems and to determine whether proper care, 
climate, and maintenance could reduce the number of septic system problems. 
This study represents a randomized observational study rather than a randomized 
controlled experiment. The sites, soil types, system designs and usage habits differ 
greatly from home to home. It would be very difficult and costly to standardize all the 
above variables. While this study was done with meticulous attention to proper 
randomization and statistical analysis it is important to note that the data was self-
reported by the participants. A psychological study that was conducted on another 
environmental issue (recycling), indicated some over-reporting of socially accepted 
behavior does occur (22). It is likely that this study also contains some reporting of 
behavior that respondents believe to be proper. For example, on question number 17 it is 
likely that respondents would not admit to pouring chemicals down their drain. Only 7 
respondents or 2% admitted that they had. The same could be said for composting and 
proper disposal of grease and fats. 
The residents in Benton County reported a high level of awareness of their septic 
systems. Over 97% of the respondents knew where their system was located, 96% 
reported they knew how it worked, and 91% knew where the manhole or access opening 
was located. A total of 117 or 21% of the original mailing list did not respond to the 
survey. The incidence of problems, illegal or unpermitted systems, and level of 
awareness could be different in this population than in the group that did respond to the 35 
survey. Homeowners made up 97% of the response group. Although it is suspected that 
the rental population may be slightly higher in the non-response group. 
The majority of respondents septic systems were covered with grass 75%. Grass 
is the most appropriate cover for a drainfield the shallow root structure helps take 
moisture from the ground and system (10,16). Natural covering was the next most 
common type of covering with 20%. If plants with deep roots are planted over the 
drainfield their roots might clog pipes (10,16). Gardens at least partially covered 7% of 
the septic systems. It is not recommended to plant a garden over a drainfield because 
deep tilling can damage the drainfield and there is a possibility that root crops may 
become contaminated. Gravel and driveways covered 4 % and 1.6% respectively, they 
do not help absorb moisture and driving heavy vehicles over the top may crush pipes and 
lead to expensive repairs. 
When asked about proper care issues, 81% said they knew how to prolong the life 
of their system. The survey inquired further to see if the respondents were implementing 
those measures. The respondents generally did a good job of taking care of their systems 
concerning composting (76%), proper disposal of grease and fats (93%), chemicals 
(98%), and to a lesser extent the use of water saving fixtures (67%). This number is 
slightly inflated because even if only 1 water saving fixture was used it was counted as a 
yes response. Over 34% reported the use of bacterial additives or enzymes. It is 
important to note that most of the literature states that chemical additives have little, if 
any, benefit to the proper functioning of septic systems (1,5,10). The yeast, bacteria or 
enzyme additives cost about $150 for a five year supply. The cost of pumping most 
septic systems in Benton County is $150 to $250 (31). For roughly the same amount of 
money a homeowner could pump their septic tank. The Benton and Lane County Health 
Departments of do not recommend the use of additives but do recommend that money 
would be better spent on regular pumping of their septic tanks. 
About one quarter of the respondents reported having septic system problems, 
some with in the last year, and some as far back as 30 years ago. Only 18% of 
respondents had to do repairs. The frequency of problems varied from greater than one 
time per year (n=5) to 5 years or more (n=65). The majority of respondents identified 36 
problems by system backups, slow draining fixtures, odors and soggy areas. Only 1 
respondent reported a contaminated well as a result of septic system failure. Some 
respondents may have been reluctant to admit to septic system problems out of fear of 
being forced to hook-up to the city sewer like some of their neighbors in health hazard 
areas. 
In Oregon, county governments reported septic system failure rates of 20 to 103 
per year with a median of 52 (31). Benton County has a septic system failure rate of 
about 50 per year which is similar to the rest of the state. "The main reasons attributed to 
on-site septic system failure were lack of maintenance, poor drainage, physical damage to 
system, hydraulic overloading, collapsed/rusted septic tanks, and improper 
construction/design (31)." 
The results of the survey demonstrate a statistically significant reduction in the 
incidence of septic system problems for the respondents that reported pumping their 
septic tanks. A mandatory pump pumping schedule might not be necessary if 
homeowners are properly educated to the merits of pumping their tanks on a regular 
schedule. Failing septic systems can be expensive to replace or repair (18,20). The cost 
of pumping most septic systems is $150 to $250, while typically it costs $2,500 to 
$10,000 to replace a failing septic system (18,20,31). The current system of allowing a 
resident to decide when to pump their septic tank will most likely not be changed. 37 
6 CONCLUSIONS 
Major findings of this study were the following: 
1) A strong relationship was observed between septic tank pumping and decreased 
incidence of septic system problems (x2=35.08, df=1, p<0.001). Twenty-six percent of 
all respondents have had septic system problems (n=95). Of the 95 that had problems, 70 
had either not pumped their tank, or not pumped their tank until they had problems. Only 
25 of the 170 respondents that had pumped their tank reported having septic system 
problems. Nineteen of the 25 respondents that had pumped their tank, but still had 
problems reported having to do unrelated repairs such as fix baffles. 
2) 18% of all respondents have had to do repairs. 
3) Only 3-4% have problems when it rains, and it takes at least a rainy week or more. 
This does not appear to be a serious problem for most homeowners. 
4) 65.9% have had their tanks pumped, but only 16% were due to system problems. 
5) 27% pumped their tanks on a regular schedule. The majority of them 60.5%, do so 
every 4-6 years. 38 
7 RECOMMENDATIONS
 
The proper and sanitary treatment of human waste has been a problem for 
centuries and still continues to pose potential human health problems. A properly 
maintained system will not cause groundwater contamination and will prevent costly 
repairs in the future. Information gathered from this survey may be used to prevent some 
future human health problems and make the permitting process easier for the Benton 
County Health Department. 
Based on the results of this survey, homeowners could reduce the risk of septic 
system problems if they pump their tanks. The frequency of pumping depends on many 
variables such as the size of their tank, use of a garbage disposal and number of 
occupants. The BCHD currently recommends pumping every 3-5 years. 
Since there is a positive correlation between regular pumping and reported 
reduction of problems, the BCHD may want to encourage rural residents to voluntarily 
sign up for a regular pumping schedule, especially in problem areas such as North Albany 
and areas south of Corvallis. In some areas of the United States, county governments 
have a mandatory pumping schedule every 2 to 3 years (27). This may be accomplished 
by contracting with a local company to put residence on a rotation list. 
In addition, performance and longevity of septic systems can be greatly increased 
by education. The survey may have helped serve this function at least with the people 
that were contacted. Some friends and family may also get the message second hand. 
Communicating the importance of regular pumping and proper care to new home 
buyers may prove to be beneficial. This could be accomplished, in part, by distributing 
education materials to mortgage lending institutions to be distributed when a loan is 
processed for rural property. Similar to the practice now done for homes built prior to 
1978 because they may contain lead-based paint. Another approach might be to set up a 
display at the Benton County Fair, Home Show, or other appropriate events to distribute 
literature and answer questions. New construction or repairs require permits, information 39 
could be distributed when a county agent performs site inspections to issue permits. The 
drivers of the pump trucks may be able to distribute educational material when they are 
called to perform their job. Finally, other presentations could be made to the Board of 
Realtors, home owners associations, and other interested groups. 
Additional data on the following areas would strengthen the findings of this study. 
Though the survey was about septic systems there should have been more questions about 
well water. In question number 20 we asked if the owner knew the age of the current 
system. In an attempt to make the questionnaire simple to answer a graduated scale was 
used but, it only went up to >16 years. Unfortunately, 52% answered >16 years it would 
have been better to expand the scale to 30 years to get a better picture of the age 
distribution of septic systems in the county. This would also apply to question number 1, 
25% answered that they had lived in there home longer than 20 years. It would have been 
better to see a more graduated age distribution. 40 
BIBLIOGRAPHY
 
1.	  Burrs, Bonneted D. and Minis, Mary M. 1994. Onsite Wastewater Treatment 
Systems. p. 1. Hogarth House, Ltd. 
2.	  Pipeline. 1995. Septic Systems-a practical alternative for small communities. 
National Small Flows Clearinghouse (6)3:1-2. 
3.	  Pipeline. 1995. How common are septic tanks? National Small Flows 
Clearinghouse (6)3:2. 
4.	  Pipeline. 1995. How Septic Systems Work. National Small Flows Clearinghouse 
(6)3:3-4. 
5.	  Salvato, Joseph. A. 1992. Environmental Engineering and Sanitation. Fourth 
Edition. John Wiley & Sons, Inc. 
6.	  Department of Environmental Quality. Oregon Administrative Rules (OAR) 340­
71 -205. 
7.	  Pipeline. 1995. Distribution systems for drainfields. National Small Flows 
Clearinghouse (6)3:5. 
8.	  Edward's, Diane. D. 1993. Troubled Waters in Milwaukee. American society of 
Microbiology News 59(7):342-345. 
9.	  Bailey, Richard. T., et al. 1994. Investigation and Control of a Shi gella sonny 
Outbreak in a Day Care Center. Journal of Environmental Health 56(6):23-25. 
10.	  Pipeline. 1995. How to maintain your septic system. National Small Flows 
Clearinghouse (6)4:5. 
11.	  Cantner, Larry W. and Knox, Robert C. 1988. Septic Tank System Effects on 
Ground Water Quality. Third Printing. p. 1. Lewis Publishers, Inc. 
12.	  Perkins, Richard J. 1989. Onsite Wastewater Disposal. Lewis Publishers, Inc. 
13.	  Knox, R. C., Canter, L. W. 1996. Prioritization of Ground Water Contaminants 
and Sources. Water, Air and Soil Pollution. Kluwer Academic Publishers 
Dordrecht Netherlands 88(3-4) April:205-26. 41 
14.  Nizeyimana, E., Petersen, G. W., Anderson, M. C., Evans, B. M., Hamlet, J. M., 
Baumer, G. M. 1996. Statewide GIS/Census Data Assessment of Nitrogen 
Loadings from Septic Systems in Pennsylvania. Journal of Environmental Quality 
American Society of Agronomy Inc. Madison Wisconsin, 25(2):346-54. 
15.	  Kruzic, A. P. 1995. Natural Treatment Processes and On-site Processes. Water 
Environment Research 67(4):470-75. 
16.	  Pipeline. 1995. Septic System Do's and Don'ts. National Small Flows 
Clearinghouse (6)4:5. 
17.	  Pipeline. 1995. Groundwater Pollution. National Small Flows Clearinghouse 
(6)4:2. 
18.	  Pipeline. 1995. How much do septic systems costs? National Small Flows 
Clearinghouse (6)3:5. 
19.	  Pipeline. 1995. Alternative septic system designs. National Small Flows 
Clearinghouse (6)3:6-7. 
20.	  Pipeline. 1995. Maintaining your septic system-a guide for homeowners. 
National Small Flows Clearinghouse (6)4:1-2. 
21.	  Metcalf, Leonard. 1901. Antecedents of the Septic Tank. American Society of 
Civil Engineers Transactions Number 909, Volume XLVI, December, 1901 
(presented September 25, 1901):456-81. 
22.	  Barker, K., Fong, L., Grossman, S., Quin, C., and Reid, R. 1994. Comparison 
of self-reported recycling attitudes and behaviors with actual behavior. 
Psychological Reports (75)2:571-77. 
23.	  Weiskel, P. K., Howes, B. L., Heufelder, G. R. 1996. Coliform contamination 
of a coastal embayment: sources and pathways. Environmental Science and 
Technology (30)6:1872-81. 
24.	  Harris, P. J. 1995. Water quality impacts from on-site waste disposal systems 
to coastal areas through groundwater discharge. Environmental Geology 
(26)4:262-68. 
25.	  Ingram, T. I. 1993. A Preliminary Investigation into the Bacteriological Water 
Quality Problems of Stonelick Lake State Park, Ohio. Journal of Environmental 
Health (55)6:19-23. 
26.	  Salant, Pricilla., Diliman, Don A. 1994. How to Conduct Your Own Survey 
John Wiley & Sons, Inc. 42 
27.	  Dameron, L. Graham. Formation of An Onsite wastewater Management District, 
Presented at the National Environmental Health Association Annual Education 
Conference Charlotte, North Carolina. June 23  28, 1990. 
28.	  Discover Our Town. Corvallis Gazette-Times, p. 17. Corvallis Oregon. Monday, 
September 28, 1997. 
29.	  Alcamo, I. Edward. 1987. Fundamentals of Microbiology. Benjamin/Cummings, 
Inc. 
30.	  Kaplan, 0. Benjamin. 1991. Septic Systems Handbook. pp 1-9. Lewis 
Publishers, Inc. 
31.	  National Onsite Wastewater Treatment. 1996. Summary of Onsite Systems in the 
United States, 1993. National Small Flows Clearinghouse. 43 
APPENDICES 44 
Appendix A
 
A Survey of Rural Benton County Residents 
please return your completed questionnaire 
in the enclosed postage paid envelope to: 
The Department of Public Health
 
Oregon State University  Waldo Hall 256
 
Corvallis, Oregon 97333-9967
 
Contact: Chris Gillett (Graduate Student) 753-6323 45 
Septic System Survey 
Background (circle number of correct 
response or responses) 
1) How long have you lived in your 
home? 
1 0-5 YEARS 
2 6-10 YEARS 
3 11-15 YEARS 
4 16-20 YEARS 
5 >20 YEARS 
2) Do you know when the home was 
built? 
1 YES  If yes, when? 
2 NO 
3) Do you  your home? 
1 OWN  2 RENT or LEASE 
4) Do you work outside the home? 
Yourself 
1 YES  2 NO 
Spouse (If applicable) 
1 YES  2 NO 
5) How many people live in your house? 
Number 
Awareness of the septic system 
6) Does your home have a septic 
system? 
1 YES  2 NO, if no stop here 
and return questionnaire. 
7) If yes, is this the first home you have 
lived in that has a septic system? 
1 YES  2 NO 
8) Do you know where your septic 
system is located? 
1 YES  2 NO 
9) Is the system located on your 
property? 
1 YES  2 NO 
10) On an adjacent lot? 
1 YES  2 NO 
11) Do you know how it works? 
1 YES  2 NO 
12) Do you know where the manhole or 
access opening is? 
1 YES  2 NO 
13) Is the septic system covered with? 
1 GRASS 
2 NATURAL COVERING 
3 A GARDEN 
4 GRAVEL 
5 A DRIVEWAY 
6 Other? 
14) Do you know some things you can 
do to prolong the life of your system? 
1 YES  2 NO 
15) Do you compost instead of use a 
garbage disposal? 
1 YES  2 NO 
16) Do you dispose of fats and grease in 
the trash instead of dumping them down 
the drain? 
1 YES  2 NO 
17) Do you "properly" dispose of 
chemicals instead of pouring them down 
the drain? 
1 YES  2 NO 
18) Do you use water saving fixtures?
 
1 YES  2 NO
 46 
19) Do you use additives like bacteria or  27) Does the system backup when it 
enzymes to enhance performance? 
1 YES  2 NO 
Performance 
20) How old is your current system? 
1 1-4 YEARS 
2 5-8 YEARS 
3 9-12 YEARS 
4 13-16 YEARS 
5 >16 YEARS 
6 NOT SURE 
21) Have you experienced any septic 
system problems? 
1 YES 
2 NO If no, skip to number 27. 
22) How often do you have problems? 
1 MORE THAN ONCE A YEAR 
2 EVERY YEAR 
3 EVERY COUPLE OF YEARS 
4 EVERY FIVE YEARS OR MORE 
23) How do you identify problems? 
1 ODORS? 
2 SLOW DRAINING FIXTURES? 
3 BACKING UP? 
4 OVERFLOWING? 
5 SEEPS INTO DITCHES? 
6 SOGGY AREAS IN THE YARD? 
7 CONTAMINATED WELL WATER? 
24) Have you ever had to do any repairs? 
1 YES  2 NO, skip to # 31 
25) If Yes, how often or how long 
ago? 
26) What type of repairs did you have to 
do? 
1 REPLACE THE TANK 
2 REPLACE THE DRAIN FIELD 
3 OTHER, SPECIFY? 
rains? 
1 YES  2 NO 
28) Do you notice a foul odor after it 
rains? 
1 YES  2 NO 
29) If yes, How much rain does it take? 
1 A RAINY DAY? 
2 A RAINY WEEK? 
3 A RAINY MONTH? 
4 A RAINY SEASON? 
5 A RAINY YEAR? 
30) If your septic system has backed-up, 
in what season does it most often occur? 
1 Fall 
2 Winter 
3 Spring 
4 Summer 
5 Season makes no difference 
6 System has never backed-up 
31) Have you ever had your septic tank 
pumped? 
1 YES  2 NO 
32) If yes, was it because you were 
experiencing problems? 
1 YES  2 NO 
33) Are you on a regular pump 
schedule? 
1 YES  2 NO 
34) If yes, how often? 
1 1-3 YEARS 
2 4-6 YEARS 
3 7-8 YEARS 
4 MORE THAN 8 YEARS 47 
Additional comments if any, will be appreciated, either here or in a separate envelope. 
Thank you for your help.
 
Please return your completed questionnaire in the enclosed postage paid envelope to:
 
Department of Public Health
 
Oregon State University
 
Corvallis Oregon 97331-6406
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APPENDIX B.1
 
Advanced notice letter 
April 28, 1997 
Ms. Jane Doe or Current Resident 
123 Abby Rd. 
Corvallis, Oregon 97333 
Dear Ms. Jane Doe or current resident: 
Within the next few days, you will receive a request to complete a brief questionnaire. 
We are mailing it out to you in an effort to learn how well the septic systems in Benton 
County are functioning, and the general level of home owner/resident awareness of septic 
systems and their operation. 
This survey is being conducted in cooperation with the Benton County Health 
Department and the OSU Department of Public Health. It will be used as a tool to better 
serve the health interests of the citizens of Benton County. Specific information about 
individual residences will not be made available to the county, the results will be given to 
them as composites of county wide responses. 
We would greatly appreciate your taking the few minutes necessary to complete and 
return your questionnaire. Any questions regarding the purpose of this survey can be 
directed to Bob Wilson at 757-6841. 
Thank you in advance for your help. 
Sincerely, 
Chris Gillett 
Masters Candidate OSU Department of Public Health 
Bob Wilson 
Deputy Administrator, Environmental Health Division 
Benton County Health Department 49 
APPENDIX B.2
 
Mail Survey Cover letter 
Letter Head 
May 1, 1997 
Ms. J. Doe 
640 SW 53rd Street 
Corvallis Oregon 97333 
Dear Ms. Doe: 
As a resident of rural Benton County you may use a septic system. To better serve the 
residents, the County would to like to find out how the systems are performing County-
wide. 
Your household is one of the small number in which people are being asked to respond to 
this survey. It was drawn randomly from a list of all rural residents in Benton County. In 
order for the survey to give an accurate accounting of how the systems are working, it is 
very important that you return the questionnaire in the envelope provided. 
You may be assured of complete confidentiality. The questionnaire has an identification 
number for mailing purposes only. This so that we may check your name off our mailing 
list when your questionnaire is returned. Your name will never be placed on the 
questionnaire itself. 
I would be happy to answer any questions you may have about this study. Please write or 
call me at (541)753-6323. 
Thank you very much for your assistance. 
Sincerely, 
Chris Gillett 
Masters Candidate in Environmental Health Management 50 
APPENDIX B.3
 
Postcard follow-up for all members of the sample 1 week after the first questionnaire 
Dear Ms. or Mr. J. Doe 
Last week, a questionnaire seeking your input regarding sanitation systems in rural 
Benton County was mailed to you. Your name was drawn randomly from a list of all 
households in rural Benton County. 
If you have already completed and returned the questionnaire to us, please accept our 
sincere thanks. If not, please do so today. We are especially grateful for your help 
because we believe that your response will be very useful for the county. 
If you did not receive a questionnaire, or if it was misplaced, please call us at 
(541)753-6323 and we will get another one in the mail today. 
Sincerely, 
Chris Gillett 
Masters Candidate in Environmental Health Management 51 
APPENDIX B.4 
Fourth letter 
June 9, 1997 
Ms. or Mr. Doe 
640 SW 53rd St. 
Corvallis, OR 97333 
Dear Ms. Jane Doe: 
About three weeks ago, we wrote to you seeking some information regarding on-site 
septic systems located on your property in Benton County. As of today, we have not 
received your questionnaire. We realize that you may not have had time to complete it. 
However, we would genuinely appreciate hearing from you. 
The study is being conducted so that citizen's like you can benefit from the results of the 
study. We are writing to you again because the study's usefulness depends on our 
receiving a questionnaire from each respondent. Your name was drawn through a 
scientific sampling process in which every rural resident of Benton County had an equal 
chance of being selected. In order for information from the study to be truly 
representative, it is essential that each person in the sample return their questionnaire. 
In the event that your questionnaire has been misplaced, a replacement is enclosed. We 
would be happy to answer any questions you have about the study. Please write or call 
me at (541)753-6323. 
Sincerely, 
Chris Gillett 
Masters Candidate in Environmental Health Management X _,: 
lsr3.111M01.141.119 